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. I  

S T U D Y  OF AN ASYNCHRONOUS LOW 
D I S C H A R G E  FLOW M E T E R  

,: N . V .  Y a l o v e g a '  

A B S T R A C T :  A sy'stem . for  non-con tac t  measurement , 

of tow f t o w 8 r a t s e  of l i q u i d  m s t a J s  u s i n g  two 
transformer contrer ters  i s  d s s c r i b e d .  Changes 
i n  p h y s i c a  2 parameter s  a Zong an e 2 Z i p t i c a  2 chan- 
n e t  i n  t h e  v i o i n i t y  of t h e  e x c i t e r  and s e n s o r s  
a r e  p t o t t e d .  

a n t  
c13 

I N o n - c o n t a c t  measurement  o f  Low f l o w  r a t e s  o f  l i q u i d  meta l  c o o l - / 8 0 (  - 
s i s  a t i m e l y  p rob lem.  The d i a g r a m  of a n  a s y n c h r o n o u s  f l o w  meter 

T h i s  means t h a t  
w i t h  two t r a n s f o r m e r  c o n v e r t e r s , ' s h o w n  i n  F i g u r e  1, h a s  a c r i -  

t e r i o n  o f  t r a n s f o r m a t i o n  e f f i c i e ' n c y  dl,ose , t b  u n i t y .  
t h e r e  i s  a n e a r l y  c o m p l e t e  t r a n s f o r m a t a o q  lof t h e  d i s t u r b a n c e  of t h e  
m a g n e t i c  f l u x  i n t o  a u s e f u l  s i g n a l  U, a t  tlhk o u t p u t  o f  t h e  s e n s o r .  

A b a s i c  component o f  
t h e  s enso r  i s  t h e  c h a n n e l ,  
1, w i t h  a n  e l l i p t i c a l  c r o s s  
s e c t i o n ,  i n  which  an e l e c -  
t r i c a l l y  c o n d u c t i v e  f l u i d  

liq moves a t  a v e l o c i t y  W 
The c h a n n e l  i s  l o c a t e d  i n  
t h e  gap  d of t h e  m a g n e t i c  
c i r c u i t  o f  t h e  excftem? s y s -  
t e m .  The e x c i f e r  s y s t e m s  
2 ,  is powered by a n  ac  v o l t -  
a g e  U b e  The two c l o s e d  mag- 

F i g .  1. Diagram' o f  S e n s o r  D e s i g n :  ( 9 )  n e t i c  c i r c u i t s ,  3 ,  o f  t h e  
Channe l ;  ( 2 )  E x c i t e r  System; ( 3 )  Trans -  t r a n s f o r m e r  c o n v e r t e r s  r u n  
f o r m e r  C o n v e r t e r s D  t h r o u g h  t h e  c l o s e d  r i n g s  i n  

t h e  c o n v e n t i o n a l  c i r c u i t  of . 
a n  a s y n c h r o n o u s  s e n s o p  c21. 

As a r e s u l t  o f  t h e  i n t e r a c t i o n  be tween  t h e  n o n u n i f o r m  m a g n e t i a  
f l u x  aex  and' t h e  moving c o n d u c t i n g  f l u i d ,  c u r r e n t s  a r e  i n d u c e d  in 
t h e  l a t t e r ,  The c u r r e n t  d e n s i t y  is p r o p o r t i o n a l  t o  t h e  v o l t a g e  of 
t h e  e x c i t i n g  f i e l d ,  as w e l l  as  t h e  c o n d u c t i v i t y  and  f l o w  Pa te  of 
t h e  f l u i d .  

'Moscow A v i a t i o n  I n s t i t u t e .  * 
Numbers i n  t h e  margin  i n d i c a t e  p a g i n a t i o n  i n  t h e  f o r e i g n  t e x t ,  
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A c l e a r  r e l a t i o n s h i p  be tween  t h e  c u r r e n t  i and t h e  f l o w  r a t e  Q 
e x i s t s  when t h e  f i r s t  two p a r a m e t e r s  r e m a i n  c o n s t a n t .  The n a t u r e  of / 8 0  
t h e  c u r r e n t  d i s t r i b u t i o n  i n  t h e  volume o f  l i q u i d  a r o u n d  t h e  c o n t i n u -  
ous  r i n g s  d e p e n d s  on t h e  d i s t r i b u t i o n  o f  t h e  e x c i t i n g  f l u x  @ex a n d  
t h e  v e l o c i t y .  T h e o r e t i c a l  i n v e s t i g a t i o n s  o f  f low i n  a n o n u n i f o r m  
m a g n e t i c  f i e l d  e n c o u n t e r :  c o n s i d e r a b l e  d i f f i c u l t i e s .  T h e r e f o r e ,  it 
i s  s i m p l e r  t o  u s e  t h e  s e m i - e m p i r i c a l  r e l a t i o n s h i p s ,  wh ich  g i v e  an  
a c c u r a c y  s u f f i c i e n t  f o r  p r a c t i c a l  a p p l i c a t i o n s .  

- 

- - - -.- 

i n  P h y s i c a l  P a r a m e t e r s  Along t h e  C h a n n e l  
M a g n e t i c  I n d u c t i o n  u n d e r  S t a t i c  C o n d i t i o n  
M a g n e t i c  I n d u c t i o n  i n  a Moving L i q u i d  Met 
on o f  t h e  P o t e n t i a l  o f  t h e  E l e c t r i c  F i e l d  

Change i n  C u r r e n t  D e n s i t y .  

8 

. - _. - -- - - - -  .- 

F i g .  3. I d e a l i z e d  C u r r e n t  P a t t e r n .  

2 .  Changes  
Change i n  
Change i n  
D i s t r i b u t i  

- - - -.- 

2 .  Changes  i n  P h y s i c a l  P a r a m e t e r s  Along t h e  C h a n n e l  
Change i n  M a g n e t i c  I n d u c t i o n  u n d e r  S t a t i c  C o n d i t i o n  
Change i n  M a g n e t i c  I n d u c t i o n  i n  a Moving L i q u i d  Met 
D i s t r i b u t i o n  o f  t h e  P o t e n t i a l  o f  t h e  E l e c t r i c  F i e l d  
Change i n  C u r r e n t  D e n s i t y .  

8 

. - _. - -- - - - -  .- 

F i g .  3. I d e a l i z e d  C u r r e n t  P a t t e r n .  

Axis .  
.s ; 
a&; 

F i g u r e  2 shows t h e  e x p e r i m e n t a l  c u r v e s  (1 a n d  2 ,  s o l i d  s e g m e n t s )  
f o r  t h e  d i s t r i b u t i o n  o f  m a g n e t i c  i n d u c t i o n  a l o n g  t h e  a x i s  of t h e  
c h a n n e l .  The d a s h e d  s e g m e n t s  r e p r e s e n t  e x t r a p o l a t e d  s e c t i o n s .  C u r v e  
1 was o b t a i n e d  u n d e r  s t a t i c  c o n d i t i o n s ,  where  Y l i q  = 0 .  The s o l i d  
segment  of Curve  2 c h a r a c t e r i z e s  $he Lhange i$ t h e  d i s t r i b u t i o n  0f 

P can b e  d e t e r m i n e d  
t h e  m a g n e t i c  f i e l d  p r o d u c e d  by t h e  m o t i o n  o f  h e  l i q u i d  metal .  Curve 
2 i s  c lose  t o  t h e  e x p o n e n t ,  whose s h a p ?  f a c t o  

2 



. .  
r 

bjr u s i n g  e x p e r i m e n t a l  d a t a .  A s  t h e  measu remen t s  show, t h e  m a g n i t u d e  
o f  t h e  m a g n e t i c  i n d u c t i o n  a t '  t h e  p o i n t  3c = 1 . 5 d 9  y = 0 is a b o u t  0.48 
o f  t h e  maximum v a l u e  o f  B O ,  a t ' t h e  o r i g i n  o f  t h e  c o o r d i n a t e s ,  

C o n s e q u e n t l y ,  0 48B = 5 d .  
i 

~ - -  

P - 0.5 l?d, B a= &e-C5x,d. I - -.-.----___i 

Sound ing  measu remen t s  i n d i c a t e  t h a t  t h e  n a t u r e  o f  t h e  d i s t r i b u -  
t i o n  of  t h e  e l e c t r i c  f i e l d  p o t e n t i a l  I$ i n  a l i q u i d  metal  a l o n g  t h e  
a x i s  o f  t h e  c h a n n e l  ( C u r v e  3 )  i s  s i m i l a r  t o  t h e  Paw of  d i s t r i b u t i o n  
of  m a g n e t i c  i n d u c t i o n  ( C u r v e  2): T h e r e f o r e  we can a n a l o g o u s l y  as- 
sume 

where  + o  i s  t h e  maximum v a l u e  o f  t h e  p o t e n t i a l  a t  t h e  o r i g i n  of t h e  
c o o r d i n a t e s .  Knowing t h e  p o t e n t i a l  d i s t r i b u t i o n ,  it i s  e a s y  t o  d e -  
t e r m i n e  t h e  v e c t o r  f i e l d  o f  t h e  v o l t a g e  E a n d  t h e  c u r r e n t  d e n s i t y  

Curve 4 i n  F i g u r e  2 shows t h e  change  i n  d e n s i t y  of t h e  i n d u c e d  c u r -  
r e n t  a l o n g  t h e  a x i s  o f  t h e  c h a n n e l .  The d i s t a n c e  2 u s u a l l y  is se-  
l e c t e d  a c c o r d i n g  t o  d e s i g n  c o n s i d e r a t i o n s  w i t h i n  t h e  l i m i t s  o f  1.5 - / 808  
t o  2 . 5 d .  The p o i n t  g i s  l o c a t e d  1.24 t o  1.5d f rom t h e  r i n g ,  where  
t h e  c u r r e n t  d e n s i t y  a l o n g  t h e  a x i s  o f  t h e  c h a n n e l  may b e  c o n s i d e r e d  
c o n s t a n t  i n  a n  a p p r o x i m a t , i o n  which i s  s u f f i c i e n t  for p r a c t i c a l  ap -  
p l i c a t i o n s .  

F i g u r e  3 i s  a n  i d e a l i z e d  p a t t e r n  o f  c u r r e n t s  o c c u p j i n g  t h e  
c l o s e d  r i n g  and t h e  a r r a n g e m e n t  OF t h e  c o o r d i n a t e  a x e s .  A m  i n v e s -  
t i g a t i o n  o f  t h e  n a t u r e  o f  t h e  p o t e n t i a l  d i s t r i b u t i o n  0 i n  t h e  rec-  
t a n g l e  O I A C B ,  i n  wh ich  t h e  l e n g t h  of s i d e  0 , A  i s  e q u a l  t o  t h e  d i s -  
t a n c e  f rom p o i n t  g ( F i g . '  2 )  t o  t h e  r i n g ,  i s  made undep  t h e  a s s u m p t i o n  
t h a t  s i d e s  BC and  A C  a re  i n s u l a t e d ,  and  t h e  flow o f  t h e  c u r r e n t  i n -  
ward t h r o u g h  s i d e  O , A  and  o u t w a r d  t h r o u g h  s i d e  0 1 B  is t h e  same. 
l e n g t h s  o f  t h e  s i d e s  are  as  f o l l o w s :  01A f: a ;  0 , B  b ,  The p rob lem 
i s  one  of  s o l v i n g  t h e  e q u a t i o n  

The 

--- - - __I__ 

8% &gP * -+- 
, '  - 8x# @#a* . 
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With t h e  b o u n d a r y  c o n d i t i o n s  
. . . ,  



w h e r e  I i s  t h e  f u l l  c u r r e n t  and  u i s  t h e  c o n d u c t i v i t y  of t h e  l i q u i d ,  
2 knx We t h e n  m u l t i p l y  (1) by Z C O S ~ Z ,  and  i n t e g r a t e  w i t h i n  t h e  

l i m i t s  f rom 0 t o  a. For + '  we o b t a i n  t h e  e q u a t i o n  

WB 
t .  dm8 , 

. ,  -- $>'h.- 
- - - -- -- - --c--_ 

(3) 

Using  t h e ' b o u n d a r y  c o z i d i t i o n s ,  we o b t a i n :  

I n t e g r a t i n g  (3) u n d e r  c o n d i t i o n  ( 4 )  and  ( 5 1 ,  w e  w i l l  h a v e :  

w h e r e  C i s  a c o n s t a n t .  

Any sec t iona1J .y  smooth  f u n c t i o n  can be expanded  into ea Fourier 
# .  

ser ies  by cosines:  
, 

or f o r  o u r  case 
I 
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where Ck i s  a c o n s t a n t  ( f o r  e x a m p l e ,  t h e  p o t e n t i a l  of t h e  e x t e r n a l  
f i e l d ) .  

Us ing  a method f o r  i m p r o v i n g  t h e  c o n v e r g e n c e  of a s e r i e s  o €  
t y p e  (10) for s o l v i n g  t h e  f i r s t  l i m i t i n g  p rob lem for t h e  r ec t ang le  
C43, we o b t a i n  t h e  f i n a l ,  e x p r e s s i o n  f o r  t h e  p o t e n t i a l :  

I 
‘ I ’  I _ _  - -  I - __ - . ._ - - . - - 

I n  d e s i g n i n g  t h e  c h a n n e l ,  t h e  p o t e n t i a l  d i s t r i b u t i o n  and  t h e  
. hydrodynamic  c h a r a c t e r i s t i c s  o f  t h e  f l o w  p o r t i o n  a r e  t a k e n  i n t o  ac- 

c o u n t ,  
1 

The u s e  o f  P e r m a l l o y  as a m a g n e t i c a l l y  s o f t  m a t e r i a l  f o r  t h e  
c l o s e d  m a g n e t i c  c o n d u c t o r s  a l l o w s  a c o n s i d e r a b l e  d e c r e a s e  i n  t h e  
s e n s i t i v i t y  t h r e s h o l d  and  an  i n c r e a s e d  c o e f f i c i e n t  of t r a n s m i s s i o n  
f o r  t h e  measurement  d e v i c e .  

T e m p e r a t u r e  c o m p e n s a t i o n  i s  a c h i e v e d  w i t h  t h e  a i d  o f  a t e m p e r -  
a t u r e - c o r r e c t i o n  u n i t  [3 ] .  Far  t h i s  p u r p o s e  t h e  e x c i t e r  s y s t e m  i s  
p l a c e d  i n  a.  s a t u r a t i o n  mode. 

A p r o p o r t i o n a l  i n c r e a s e  i n  t h e  
c o e f f i c i e n t  o f  t r a n s m i s s i o n  corres- 
ponds  t o  a n  i n c r e a s e  i n  t h e  f r e q u e n -  
cy  o f  t h e  e x c i t i n g  c u m e n t o  Curve  
1 i n  F i g u r e  4 shows t h e  e x p e r i m e n t a l  
c h a r a c t e r i s t i c  c u r v e  o f  a n  e x p e r i -  
m e n t a l  fo rm o f  t h e  s e n s o r p ? ,  whose 
e x c i t e r  c u r r e n t  h a s  a f r e q u e n c y  of 
400 Hz and is e q u a l  toi  0 . 5  A .  C u r v e s  

‘ 2  and 3 were o b t a i n e d  a t  e f r e q u e n c y  
of 50 Hz a n d  c u r r e n t s  of 2 and B A ,  
r e s p e c t i v e l y .  

An a s y n c h r o n o u s  s y s t e m  f o p  a 
low d i s c h a r g e  f l o w  meter w a s  t e s t e d  

1- on a sy.stem i n  which a n e a r l y  s a t u -  
F i g .  4 .  E x p e r i m e n t a l  C u r v e s .  ( I )  r a t e d  s o l u t i o n  of sodium c h l o r i d e  
E x c i t e r  C u r r e n t ,  0 . 5  A,Frequency  was c i b c u l a t i n g .  The p o s s i b i l i t y  
400  Hz; ( 2 )  2 A, 50 Hz; ( 3 )  1 A, o f  n o n - c o n t a c t  measurement  of s o l u -  
5 0  Hz. t i o n s  of e l e c t r o l y t e s  was c o n f i r m e d  

t h r e s h o l d  of t h e  e x p e r i m e n t a l  s a m p l e  was 0 .35  l / s e c .  
e x p e r i m e n t a l l y .  The s e n s i t i v i t y  

We know t h a t  t h e  c o n d u c t i v i t y  o f  e l e c t r o l y t e s  i s  4-5 o r d e r s  
l e s s  t h a n  t h a t  o f  l i q u i d  metals.  T h e r e f o r e ,  t h e  s e n s i t i v i t y  t h r e s h -  
o l d  of a l i q u i d - m e t a l  sensor c b u l d  l o g i c a l l y  b e  assumed t o  be re-  
duced  by a p p r o x i m a t e l y  t h e  same f a c t o r .  I n  a l i q u i d - m e t a l  s y s t e m  
which t h e  a u t h o r  a s s e m b l e d ,  it was n o t  p o s s i b l e  t o  e s t a b l i s h  s t a b l e  
f low a t  f l o w  r a t e s  less t h a n  0 .03  l / s e c ,  

5 



Experimental studies of a sensor with a differential system of 
connecting the transformer converters and a differential amplifier 
(dc) as the first stage of the amplifier unit confirmed the high 
stability of the measurement system with respect to noise. 

The dynamic characteristics of the flow meter as a sensitive 
element in a feedback circuit for automatic control are determined 
with the aid of a transmission function of the form 

where K is the transmission coefficient of the exciter system, T = 
La is the time constant of the transformer converter, p is a complex 
value and L is the inductance of the llinputtt winding, or the curve 
of current i. 
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